Vibrio inhibens is a marine bacterium species of the genus Vibrio (Vibrionaceae, Gammaproteobacteria). The species has been shown to be closely related to members of the genus Vibrio in the so-called Harveyi clade. The clade includes at least 11 closely related species with similar physiological and biochemical properties. Due to these similarities, species of the Harveyi clade are difficult to characterize taxonomically. Previously phenotypic and genotypic properties of the V. inhibens type strain were compared with six species of the Harveyi clade, resulting in the possibility that V. inhibens could be a synonym of a previously described species. In this study, the taxonomic status of V. inhibens was analyzed using genomic approaches. The whole-genome sequence of the type strain of V. inhibens, CECT 7692 T , was obtained and analyzed. Calculations of average nucleotide identity with the BLAST algorithm (ANIb) showed that CECT 7692
T
, was obtained and analyzed. Calculations of average nucleotide identity with the BLAST algorithm (ANIb) showed that CECT 7692
T has an ANIb of 97.5 % or higher to five strains of Vibrio.
jasicida, including the type strain, but an ANIb lower than 93.5 % to other members of the Harveyi clade Vibrio. Phylogenetic analysis based on nucleotide sequences of 133 protein-coding genes showed a close evolutionary relationship of CECT 7692 T to V. jasicida.
Based on these results, Vibrio inhibens is proposed to be a later heterotypic synonym of V. jasicida.
Strain CECT 7692 T was isolated from feces of wild longsnouted seahorse (Hippocampus guttulatus) (Balc azar et al., 2012) . Based on a phylogenetic analysis of sequences of five genes, as well as a chemophenotypic analysis the strain was taxonomically classified as representing a novel species of the genus Vibrio (family Vibrionaceae, Gammaproteobacteria), Vibrio inhibens (Balc azar et al., 2012) . So far, the species type strain (CECT 7692 T =DSM 23440 T =BFLP-10 T ) is the only strain of V. inhibens described in the literature. Balc azar et al. (2012) found V. inhibens to be evolutionarily closely related to bacteria in the so-called Harveyi clade of the genus Vibrio (Sawabe et al., 2013; Urbanczyk et al., 2013) . The clade consists of 11 or more closely related species, which are difficult to differentiate on the basis of chemotaxonomic traits (Sawabe et al., 2013; Urbanczyk et al., 2013) . Other than the work of Balc azar et al. (2012) , no taxonomic studies have analyzed the V. inhibens type strain. Considering the diversity observed within the Harveyi clade (Urbanczyk et al., 2013) and the difficulties in taxonomic characterization of species in the clade, it was necessary to reassess the taxonomic status of V. inhibens in the context of other species of the Harveyi clade.
The type strain of V. inhibens, CECT 7692 T , was obtained from the Spanish Type Culture Collection (CECT). Genomic DNA of CECT 7692
T was isolated using a DNeasy Blood and Tissue kit (Qiagen). The whole-genome sequence was generated using an Illumina MiSeq platform and a Nextera XT DNA Sample Prep kit (Illumina). Pairedend sequencing resulted in 2 367 933 reads (after quality trimming), which were assembled using Platanus assembler version 1.2.1 with the option for haploid genome (Katijani et al., 2014) (2012) and the homologous sequence in the CECT 7692 T genome were found in four nucleotides, all located near the 3¢-end of the FR669655 sequence. Considering that the sequences of gyrB, pyrH and topA had 100 % identity matches to sequences in the CECT 7692 T genome, the differences between the sequence in the FR669655 record and the CECT 7692 T genome sequence can be attributed to a possible sequencing error in the FR669655 record.
The CECT 7692 T 16S rRNA gene sequence was amplified as described previously (Urbanczyk et al., 2015) ; the sequence was deposited in GenBank under the accession number KU360274. The CECT 7692
T genome sequence had 13 fragments matching the PCR amplified 16S sequence, which can be explained by the presence of multiple rRNA operons in the V. inhibens T genome. DNA G+C content of CECT 7692 T (43.82 %), determined on the basis of the draft genome sequence, is similar to the DNA G+C content determined for the type strain of V. inhibens by Balc azar et al. (2012) using a thermal denaturation method (45.6 %). The difference in the predicted DNA G+C content should be attributed to the different methodologies used in the two analyses.
Comparison of sequences reported for the V. inhibens type strain and the CECT 7692 T genome sequence provided evidence that the strain analyzed in this study matches the type strain reported by Balc azar et al. T involved phenotypic analysis. Phenotypic tests were performed using API 20NE test (bio-M erieux) in triplicates, according to the manufacturer's instructions, at 26 C for 24 h and 48 h. Salt and temperature tolerance tests were performed as described previously (Urbanczyk et al., 2015) . Results of the tests show that CECT 7692
T has phenotypic characters corresponding to the type strain of V. inhibens described by Balc azar et al.
(2012) ( Table S1 , available in the online Supplementary Material). Differences between the two strains were observed in the results for assimilation of D-glucose and Nacetyl-b-glucosamine, growth at 8 % NaCl concentration and in the results of the urease test. Overall, a small number of differences between the type strain of V. inhibens described by Balc azar et al. (2012) and the strain used in this study can be attributed to differences in methodologies used in the two studies.
Balc azar et al. (2012) reported that V. inhibenscould be differentiated from related species on the basis of the lack of mannose assimilation and sucrose fermentation. Phenotypic characterization carried out using matching experimental methods found two V. jasicidastrains to be negative or weakly positive for both tests (Table S1 ; Urbanczyk et al., 2015) . Overall phenotypic character was found to be very similar between CECT 7692 T and two representative V. jasicida strains. Furthermore, previous studies have shown that V. inhibens CECT 7692
T has a cellular fatty acids composition very similar to that of V. jasicida (Balc azar et al., 2012; Yoshizawa et al., 2012) .
In order to analyze the genomic relatedness between V. inhibens and other species of the genus Vibrio, calculations of average nucleotide identity (ANI) were performed between genome sequences of V. inhibens CECT 7692 T and 19 representative strains of members of the Harveyi clade (Table S2) , using JSpecies software version 1.2.1 (Richter & Rosselló-Móra, 2009 ) with default settings for ANI calculated with the BLAST algorithm (ANIb) calculations. Results of the calculations (Table 1) show that the strain CECT 7692
T shares an ANIb of 97.5 % or greater with five strains of V. jasicida, including the type strain V. jasicida LMG 25398
T . These ANIb values are higher than the 95 % recommended for classifying strains as representing members of the same bacterial species (Goris et al., 2007; Richter & Rosselló-Móra, 2009 ). In comparison, the five V. jasicida strains analyzed in this study have ANIb values of 97.4 % to 98.5 % (Table 1) . CECT 7692 T showed high ANIb values to three Vibrio hyugaensis strains included in the analysis, between 93.4 % and 93.6 %, however these ANIb values are lower than the 95 % recommended for classifying strains as representing members of the same bacterial species. V. hyugaensis is a recently described species in the Harveyi clade (Urbanczyk et al., 2015) , which was predicted to be recently separated from V. jasicida (Urbanczyk et al., 2014) . ANIb values between CECT 7692
T and other analyzed strains of the Harveyi clade were 89.4 % or lower. In addition to ANIb, other measurements of genomic relatedness were calculated. These included ANI calculated with the MUMmer algorithm (ANIm) and tetranucleotide nucleotide frequency distribution (Tetra) measurements, calculated using JSpecies software, orthology ANI (orthoANI) measurement, calculated using OAT tool version 1.20 (Lee et al., 2015) , as well as genome-to-genome distance comparison (GGDC) calculated using GGDC 2.1 tool with formula 2 available on http://ggdc.dsmz.de website (Meier-Kolthoff et al., 2013). Results of ANIm, orthoANI and GGDC calculations (Tables S3-S5 ) support classification of CECT 7692 T and the five analyzed V. jasicida strains as members of the same species. The results of Tetra calculations (Table S6) show a high coefficient (>0.99) between CECT 7692 T and strains classified as members of V. jasicida, V. hyugaensis, Vibrio campbellii, Vibrio owensii and Vibrio rotiferianus; however the Tetra coefficient has been previously shown to be of limited use for taxonomic classification of bacteria of the Harveyi clade (Urbanczyk et al., 2015) . Based on the results of ANIb, ANIm, orthoANI and GGDC calculations it can be concluded that the strain CECT 7692
T and the five analyzed strains of V. jasicida, including V. jasicida LMG 25398 T , should be classified as members of the same species.
The evolutionary relationship of V. inhibens CECT 7692 T and related Harveyi clade bacteria was investigated using a multilocus sequence analysis (MLSA) based on nucleotide sequences of 133 protein-coding genes. The analysis was performed using a method similar to that described by Urbanczyk et al. (2015) . Briefly, an in-house database containing draft genomes of the strain CECT 7692
T and 19 representative Harveyi clade bacteria was searched using BLAST 2.2.31+ for homologs of 135 protein-coding genes previously identified as being conserved in the Harveyi clade (Urbanczyk et al., 2015) . Sequences of two protein-coding genes (obgE and VIBHAR_00636) were removed from the analysis, since homologs could not be confidently identified in some of the analyzed strains. Nucleotide sequences of the remaining 133 protein-coding genes were manually aligned in Mesquite version 3.04 (Madison & Madison, 2015) . Individual alignments of the 133 protein-coding genes were concatenated, and the resulting alignment of 135 498 characters was used for a phylogenetic analysis using program TNT version 1.1 (Goloboff et al., 2008) . The analysis used 100 replicates of new technology searches, followed by 10 000 replicates of parsimony ratchet. This analysis was followed by 10 000 replicates of Jackknife resampling. Phylogenetic analysis resulted in a single most parsimonious tree, which was visualized in FigTree version 1.4.0 (http://tree. bio.ed.ac.uk/software/figtree/). The tree (Fig. 1) shows that CECT 7692
T forms a well-supported clade with five V. jasicida strains, including V. jasicida LMG 25398
T . Evolutionary relationship between other strains used in this analysis is in agreement with previous phylogenetic analyses of Harveyi clade bacteria (Urbanczyk et al., 2014; Urbanczyk et al., 2015) . Concatenated alignment of 133 protein-coding genes was also analyzed using maximum-likelihood and neighbour-joining algorithms. Results of both analyses (Fig. 1) show a close evolutionary relationship of V. inhibens CECT 7692 T and V. jasicida.
Results of phenotypic analyses, genomic measurements of relatedness and MLSA confidently show that V. inhibens CECT 7692 T should be taxonomically classified as a member of the same species as the strains of V. jasicida used in this study. CECT 7692 T shows ANIb, ANIm and orthoANI higher than 95 % with the five strains of V. jasicida (Tables 1 and S3 -S5), which is above the proposed cutoff point for members of the same species of the genus Vibrio. Similarly, results of GGDC calculations have shown that V. inhibens CECT 7692
T should be classified as the same species as the analyzed strains of V. jasicida (Table S6) . Results of MLSA (Fig. 1 ) also provide evidence that V. inhibens CECT 7692
T shares a more recent common ancestor with V. jasicida than with other analyzed species of the genus Vibrio. Furthermore, V. inhibens CECT 7692 T has phenotypic characteristics very similar to those of V. jasicida (Table S1) inhibens. Based on the evidence presented in this study, we propose that V. inhibens should be considered a later, heterotypic synonym of V. jasicida.
